T here has been a great deal of interest in the transplantation of islets of Langerhans for diabetic control. The isolation of islets has become a standard technique in many laboratories, 1 " 4 and successful transplantation of isolated islets has been accomplished in rats. 5 " 7 However, the recovery of islets in rats is sufficiently low that tissue from several donors is required to achieve normal carbohydrate metabolism in a single recipient. 5 " 7 In large animals (and certainly humans) which have a more organized and fibrous pancreas, the islet isolation techniques give an even poorer yield! 4 -8 - 9 The standard collagenase digestion techniques involve ductal distention, mincing, and incubation of the pancreatic fragments in collagenase. Ductal distention and disruption expose interlobular pianes to collagenase, which digests acinar and islet components indiscriminately. 10 Mincing of the pancreas causes a 50% loss of tissue insulin. 11 Incubation of the chopped pancreas in collagenase destroys more than 90% of the islet as well as the acinar tissue. Therefore, with this technique less than a 10% yield of the total islet cell mass of the original gland can be expected.
We investigated a new digestion method for islet cell preparation in dogs whereby the pancreas is selectively digested by perfusion of the ductal system with collagenase. The main pancreatic duct is cannulated and collagenase is introduced by retrograde perfusion in vitro. The perfusate travels through the ductal system, flowing through small ruptures in the distal ducts into a reservoir for recycling. The most pronounced enzymatic destruction apparently takes place in ductal and intralobular acinar elements with proportionately less damage to islets situated between the acinar elements. This system permits improved islet yields with decreased acinar contamination.
MATERIAL AND METHODS
Twelve mongrel dogs weighing 12-23 kg were studied. They were anesthetized with intravenous thiamylal sodium. The abdomen was opened through an upper midline incision and the pancreas was dissected away from the pancreaticoduodenal artery, ligating all small vessels passing into the pancreas. The main pancreatic duct was identified and cannulated with 20-or 22-gauge plastic catheters passed into both branches of the main duct. The dissection of the gland from adherent structures carefully preserved all major vessels supplying the pancreas until the very last step of dissection. At that point the vessels were clamped and secured and the pancreas prepared for perfusion through -the plastic cannulae. The duodenum was carefully examined to remove any adherent pancreatic fragments. Seven dogs received autologous grafts into the liver, via the portal vein (5 dogs) or into the spleen (2 dogs). Five dogs served as apancreatic controls receiving neither transplants nor exogenous insulin.
All steps in the preparation of the pancreatic tissue were examined by measuring insulin and amylase content (6 dogs). The tissue was homogenized, sonicated, and acidextracted aliquots were taken for insulin and amylase analysis. Insulin was measured by the single antibody method of Desbuqouis and Aurbach. 12 Guinea pig anti-porcine insulin serum was employed (Linco Research, Inc.) at 1:400 dilution using polylethylene glycol to precipitate the antibodybound hormone. Amylase was measured using Amylochrome amylase assay (Roche Diagnostic, New Jersey).
PROCEDURE AND RESULTS
Islet preparation. The pancreatic ductal cannulae are connected to a recirculating perfusion apparatus powered by a circular roller pump. (Figure 1 .) The duct is flushed with Ca 2+ , Mg 2+ -free Hanks' balanced salt solution (HBSS) for 10 min, and then perfused with 0.2% collagenase (200 U/mg, type I, Sigma Chemicals, St. Louis) in Ca 2+ , Mg 2+ -free HBSS for 25-40 min at 37°C. Flow rate is maintained at 10-20 ml/min during perfusion to obtain uniform perfusion without ductal distention or major ductal disruption. The perfusate flows through a stainless steel mesh container (60-/u,m pore size) into a reservoir after leaking through the distal ducts. The perfusate is recycled and digestion is stopped when the loss of structural integrity is apparent. At this point the consistency of the pancreas is mucoid. The digested pancreas is carefully removed with the mesh container and transferred to a beaker containing Ca 2+ , Mg 2+ -free HBSS. The partially digested connective and vascular tissue matrix is chopped with scissors.
Mechanical dissociation is accomplished by shaking the tissue in a water bath in 2-3 steps of 10-min duration each. The cell suspension is filtered each time through steel mesh (400-/Am pore size) and washed 2-3 times with cold HBSS by centrifugation.
The residual tissue is digested again using 0.05% trypsin (1:250, Gibco) for 20-30 min at 37°C in a shaking water bath, and filtered and washed in the same manner as above. It takes about 2 h for cell preparation after removal of the pancreas.
Cell viability is ascertained using trypan blue exclusion. Cell type and cell count are estimated after staining with Turks solution (0.01% crystal violet in 2% acetic acid) using a hemocytometer. Turks solution is commonly employed for staining lymphocytes, but we found it also helpful for distinguishing the obvious acinar cells with eccentric neuclei and zymogen granules from the smaller islet cells. (Figure 2.) 
RESULTS
Approximately 2-3 X 1 0 9 pancreatic cells were obtained per pancreas. The endocrine cells were present in small or large clumps of islet cells and intact individual islets. Composition ranges from 10% to 25% endocrine cells with a viability of over 90%.
Yield and purification of the grafts were estimated by measuring insulin and amylase content and insulin/amylase ratios of normal pancreas and recovered tissue (Table 1) . The tissue insulin and amylase content are presumably proportional to B-cell mass and exocrine cell content, respectively; therefore, insulin/amylase ratio reflects the purity of islet cell mass relative to exocrine cell contamination. 8 - 13 A 57% recovery of B-cell mass was suggested by insulin recovery. Approximately a sixfold purification of B-cell content was noted.
In 3 of 5 dogs in which the cells were transplanted into the liver, and in both dogs in which the cells were transplanted into the spleen, normoglycemia (plasma glucose < 150 mg/dl) resulted after autotransplantation. All five apancreatic control dogs remained persistently hyperglycemic with blood glucose 350-500 mg/dl until death occurred 3-10 days after operation.
DISCUSSION
Islet transplantation in large animals is an important preliminary step to clinical application in man. Harvesting enough islets from a single donor to reverse diabetes in a single large animal recipient has posed a significant barrier to clinical transplantation. The standard methods of isolating intact islets do not provide a sufficient islet cell mass. Some investigators have abandoned purified islets in favor of partially digested pancreatic fragments for transplantation.
11
- 14 Those fragments have been successfully transplanted into the spleen of normal dogs. Recently, chronic pancreatitis has been treated by pancreatectomy and autotransplantation of pancreatic fragments in dogs 15 and humans. 16 - 17 However, results have not been satisfactory. The grafts contain enormous contamination with the inflammatory acinar tissue, which has been associated with severe complications such as portal hypertension, systemic hypotension, and disseminated intravascular coagulation. 18 - 19 The use of individual islets or more highly purified islet preparations would be much more desirable for grafts than dispersed pancreatic fragments and would have the potential for wide application if a sufficient islet cell mass could be obtained in large animals.
We developed a new method for islet cell preparation in dogs employing selective digestion of the pancreas by ductal perfusion with collagenase ( Figure 3) . In this method, two principles are applied. First, the collagenase is delivered via the pancreatic duct under low pressure without ductal distention to apply the most pronounced enzymatic activity on ductal and acinar elements. Second, at no time should the intact gland or single cells be immersed or otherwise exposed in a protracted manner to digestive enzymes. This is accomplished by suspending the land over a reservoir and allowing the enzymes to flow through the ductal system leaking through small ruptures in the distal ducts into a reservoir for recycling. This system improves islet yield with decreased acinar contamination. Insulin/amylase ratio of tissue indicates a sixfold purification of islets from whole pancreas, which is more efficient than the standard collagenase digestion technique. The B-cell recovery of 57% proved sufficient to achieve normoglycemia in autograft recipients.
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